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ABSTRACT 

We consider gauged WZW models based on a four dimensional non-semi-simple group. 
We obtain conformal a-models in D = 3 spacetime dimensions (with exact central charge 
c = 3) by axially and vectorially gauging a one-dimensional subgroup. The model obtained 
in the axial gauging is related to the 3D black string after a correlated limit is taken in the 
latter model. By identifying the CFT corresponding to these cr-models we compute the 
exact expressions for the metric and dilaton fields. All of our models can be mapped to flat 
spacetimes with zero antisymmetric tensor and dilaton fields via duality transformations. 
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1. Introduction 

A large class of Conformal Field Theories (CFT's) can be constructed by using current 
algebras |]J . Models where the full symmetry of the action is realized in terms of current 
algebras are the WZW models || based on a group G. By gauging an anomaly free 
subgroup H of G we obtain new conformal theories or coset models G/H H[U||. Both 
WZW and gauged WZW models || are very important in understanding String theory 
since they provide exact solutions to it and the current algebra description makes the 
theories solvable. Compact groups were used in the construction of such models in String 
compactifications as internal theories where the space-time was taken to be Minkowskian. 
Later non-compact groups were used for non-compact current algebras and coset models 
that provided exact String models in curved space-time @ |§ . Explicit constructions of the 
geometries corresponding to gauged WZW models was done in the recent years (see for 
example Pl ||10||[p|[p!2l ) including all order corrections to the semiclassical (leading order) 
results (see for example |I3|]||14|| ). 



So far the attention has been concentrated to the cases where simple or semi-simple 
groups were used for reasons that will become obvious. In a recent paper Nappi and Witten 
|15|1 showed how to write a WZW action for a non-semi-simple group. They considered 
the algebra E%, i.e. the 2D Euclidean algebra with a central extension operator T. The 
algebra for the generators Ta = {-Pi, Pi, J, T} is9 

[J, Pi] = eijPj , [P h Pj] = e i:j T , [T, J] = [T, Pi] = 0. (1.1) 

Unlike the case of semi-simple algebras here the quadratic form Qab = f ac D fBD G is 
degenerate, i.e. its determinate is zero. This makes the straightforward writing of the 
corresponding WZW action problematic. However one can still resolve this problem by 
considering another quadratic form which satisfies the properties a) VLab = ^ba, b) 



1 This algebra appeared before in the context of contraction of Lie groups |16|j and in studies 



of (1 + l)-dimensional gravity [17]. 



Iab^cd + Jac^bd = and c) is non-degenerate, i.e. the inverse matrix Q AB obey- 
ing n AB flBC — Sq exists. The first and the second properties ensure the existence of the 
quadratic and the Wess-Zumino term in the WZW action and the third one gives a way 



to properly lower and raise indices. The most general such quadratic form is |18 



AB 



/l 0\ 
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\o i o/ 



(1.2) 



Then parametrizing the group element as (summation over repeated indices is implied) 
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D ai Pi uJ-\-vT 



(1.3) 



the corresponding WZW action takes the form |]15 
k f 

S(u, v, cii) = — / d 2 z (daiddi + dudv + dvdu + b dudu + tijdaidjdu) 



;i-4) 



From this action one can easily read off the corresponding metric and antisymmetric fields 
which represent a monochromatic plane wave. The corresponding exact CFT was identified 



as a solution of the Master equation of the generalized virasoro construction of |19| [[20| with 
central charge c = 4. The 1-loop solution is in fact exact since there are not any higher loop 



diagrams that can even be drawn po| . In fact there is an alternative way to understand 
the absence of higher loop corrections. If we change variables as [ITS 



a\ = X\ + X2 cos u , ai—X2 cos u 



1 

v — > v + -x±X2 sin u , 

At 



1.5) 



then the action ( |1.4| ) reads 
k f 

S = — / d 2 z (dxidxi + dx 2 dx2 + 2 cos u dxidx 2 + b dbdu + 2dudv) 

2,71 J 



;i.6) 



In this form it can easily be shown that it is equivalent to a correlated limit of the WZW 
action for SU(2) ®]R. For the latter model, if we parametrize the SU(2) group element as 



i^-9 L i^-4> J-^Qn 



g = e" 2 ^ e - 2 v e - 



.3 



and the translational factor IR in terms of the time-like coordinate y, the action is 
y r 

S= — I d 2 z (d9 L d9 L + d9 R d9 R + <90<90 + 2 cos de L de R - dydy) . (1.7) 

If we define h! = 2/c/e, 6l = \ft x±, 9 R = y/e a?2> 4> = ev + u, y = (1 — eb/2) u and take 
the limit e — > the action ( |1.7| ) becomes identical to ( |1.6| ). The absence of higher loop 
corrections in ( |1.6| ) is then attributed to the fact that such corrections are also absent in 
the WZW action for SU(2) <g>IR (except for a trivial overall shift in the value of k'). Notice 
also that after the rescaling the periodic variables 6l and 6 R take values, as xi and X2, in 
the whole real line. 

As in the case of WZW models based on simple or semi-simple groups one can obtain 
new conformal models by gauging anomaly free subgroups of (|1.4|) . In this paper we 
consider the gauging of the WZW model of |15[] with respect to the generator J of the 
Cartan subalgebra. In section 2 we consider the axial, vector and chiral gauging cases. It 
will be shown that our cr-models can also be obtained if a specific limit in the 3D charged 
and neutral black string models based on £X(2, IR) ® IR/IR are taken. In particular the 
limit is such that it 'explores' the region around the curvature singularities present in the 
latter models. By performing a duality transformation we show that all of our solutions 
can be mapped to flat spacetime solutions with zero antisymmetric tensor and constant 
dilaton showing that these singularities are harmless from the point of view of String theory. 
In section 3 we are identifying the exact CFT corresponding to the cr-model solution of 
the previous section as a particular case of the mo dels of PUPfl with c = 3. Using the 
Hamiltonian for this CFT we compute the exact expressions for the metric and dilaton 
fields. We end this paper with some concluding remarks in section 4. 



2. Axial, vector and chiral gauging 

In this section we consider different gaugings of the WZW model for with respect 
to the U(l) subgroup generated by J, i.e. E^/Uil). A more general gauging of the linear 
combination J + AT turns out to give an identical to the A = case results, up to a shift 
in the value of the constant b in the expressions below (this has its origin in the fact that 
the algebra (|1 . 1| ) is invariant under the redefinition J —>■ J + XT ). 
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2.1. Axial gauging 

Consider first the case of the axial gauging (it turns to be the most interesting one) 
which is not anomalous since the subgroup generated by J is abelian. In this case the 
gauged WZW action is (see for instance f9fl||21||) 

Saxiai = £; [Iihg^-Iih^h)} 
h = e~ J<l> , h = e~ J ^ . 

The action S^xiai is invariant under the following gauge transformations 



(2.1) 



dai = —£ijaj e , 5u = 2 e , 8v = 



e , e = elz, z) 



(2.2) 



The easiest way to realize that is to use the commutation relations (|1.1|) in order to rewrite 
the above action ( |2.1| ) in the form 



Saxiai = k [ I(e a * Pi e u J+vT )-I(e 



(2.3) 



where we have defined 



a\ = (costfi Sij + sine/) €ij)a 



j > 



u = u 



V = V 



u 



(2.4) 



Gauge invariance of (|2.3| ) under ( |2.2| ) is manifest upon realizing that Sa^ = 0. Using the 
explicit from of the action for the WZW model (|1.4|) , and the formulae 



(2.5) 



do! i do! i = datdat + ataid^dcj) + €ij(d<fidaiaj + daiajdej)) 
eijda^a'j = e^daiaj + a^aidtp , 
one can cast (Saxial in (|2.1j ), in the usual form of a gauged WZW model 
k f 

Saxiai = — / d 2 z ( daidai + dudv + dvdu + b dudu + eadaiajdu 
2n J v 

+ A (eijdaiaj — 2dv + (a^ — 2b)du) — (eijdaiaj + 2dv + 2bdu) A + (46 — a^) AA ) , 

(2-6) 



where we have defined the gauged fields as A = d<p and A = B<p. To obtain the cr-model 
we have to fix the gauge and integrate over the gauge fields. A convenient gauge choice is 
a\ = O.i The resulting cr-model action is (we will denote p = CI2) 

S= — f d 2 z ( dpdp+ , 4 J -dvdv + -p 2 dudu) + , 46 J dvBu - dudv) ) (2.7) 
2-7T J Ab — p z A Ab — p l 

Let us assume that b > and define the rescaled variables r — 2VH '' x — v ^ ^ — u ' 
Then the metric, the antisymmetric tensor one reads off from the action ( |2.7|) and the 
dilaton induced from integrating out the gauge fields are given by 



ds 2 = Ab dr 2 + 



r 2 _ 1 



dx z 



r 2 -1 



B 



1 



' nj r- 1 

2 



$ = ln(r — 1) + const. . 

Let us verify that the above fields do in fact solve the equations for conformal invariance in 
the 1-loop approximation. In D = 3 the antisymmetric field strength H^p = 3d[ p B^ has 



only one component which can be parametrized in terms of a scalar H as H^ up 



H. 



In our case 



H 



1 



d r B 



1 



'G r XV Vbr 2 -l- 
Then in D = 3 the 1-loop equations for conformal invariance (see for instance [[24)) can be 



written as [^5] 



0. 



G 



R^-lH 2 G mn -D^ = 



(2.9) 







a 



g(3 - c) + -[D 2 § + (d^) 2 -H 2 ]=0. 



2 This gauge fixing introduces a Faddeev-Popov factor (FP) ~ (12 in the path integral measure. 
This factor should combine with the original measure in the path integral for the gauged WZW 



model (in our case is the flat one) to give e*\/G [p2| [23|. The fact that this is indeed the case can 
be verified using the appropriate expressions below. 
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We can explicitly compute the relevant tensors 

r 2 + 2 _ 1 r 2 + 1 1 r 2 



( r 2 _ !)2 ' — 26 (r 2 - l) 3 ' yy b (r 2 - l) 3 

r 2 + 1 1 r 2 1 r 2 



(2.10) 



(r 2 - l) 2 ' x x 2b (r 2 - l) 3 ' y y 2b (r 2 - l) 3 

with the off-diagonal elements being zero and the scalars 

1 2r 2 + 5 o 1 r 2 + l , 

One then can easily verify that the equations ( |2.9[ ) are indeed satisfied with central charge 
c = 3. The signature of the spacetime in ( |2.8| ) is (+, +, — ). If b < one has to anallytically 
continue (r, x, y) — > (ir,zx,zy). Then the spacetime in (|2.8| ) has signature (+,+,+) and 
no singularity at all. The background defined in ( |2.8|) is related to the corresponding one 
of the D = 3 charged black string based on the coset model SL(2, IR) (g> IR/IR through a 



limiting procedure. The expressions for the latter are [1C 



A 2 1 / Z ~ ~ 1 ,,2 . * - QO , 2 , rf Z 2 x 

ds = — ( dt H cto + — — -) 

& z z 4(z -q -l)(z- q ) ^ 2 

^l yg^j) $ = l n , + cons t.. 

a z 

If we take the following correlated limits z — ► e(r 2 — 1), ^ - * — 1 — £ 5 & "~ > y/ea'x, 
t — > —yfoJy with a' = e/46 and e — ► then ( |2.12| ) becomes ( |2.8p .i One might wonder 



what the physical meaning of such a correlated limit is. It is known |T0| that the black 



string geometry (|2.12|) has a curvature singularity at z = 0. Our limit corresponds to 



'magnifying' the region around z = 0. The outer and inner horizons for z = go + 1 and 



3 It is interesting to note that there is another limiting procedure one can follow in (2.12) 
(or by analytically continue ( |2.8D ) leading to a solution with a different physical interpretation. 
Namely if z — > e(t 2 + 1), qo — > e, x — > y/a'x, t — > \foTey with a' = e/6 and e — > then (|2.12 ) 



becomes ds 2 = -6di 2 + (t 2 + iy 1 (dy 2 + t 2 dx 2 ), B xy = l/(t 2 + 1) and $ = ln(t 2 + 1). The above 
metric has the cosmological interpretation of an expanding and recollapsing Universe. String 
backgrounds obtained by considering various limiting procedures on already existing solutions 
can also be found in [ p6| . 
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z = qo in the metric ( p. 12 ) dissapear in the above limit exactly because we 'look' at the 
region close to z = (already inside the inner horizon). Let us note that if we had taken 
the (straightforward) limit of zero axionic charge qo — > —1 (essentially zero embedding of 
H = IR into the IR factor in G - up to an analytic continuation) we would have obtained 
the cx-model for the SL{2 1 1R)/£7(1) ® M (the Euclidean black hole times a translation). 
The metric defined in ( |2.8|) has a time-like curvature singularity at r 2 = 1 (corresponding 
to the black string singularity at z = 0). However, from the point of view of string theory 
this is not very harmful because next we will show that the fields in fl2.8| ) are related to 
the D = 3 Minkowski space-time (with constant dilaton and zero antisymmetric tensor) 
by means of a duality transformation. In contrast the background ( |2.12| ) is dual to the 
neutral black string (with qo = 0) which is the 2D black hole times a U(l). The duality 
transformations for the case of one isometry read (the coordinate system is (x° : x a )) \$7\ 

y=V _ 1 _ Boa ^ ^ GoaGob — BoaBob 

^00 — 7; — 5 90a — 79 — 5 <^ab ~ ^ab 7; 

<J-00 ^00 ^00 

5 Goa 5 D GoaBob — GobBoa (2 13) 

J=>0a = 7; , -Dab = -Dab 7; V ' ' 

(joo (j-oo 
<3? = $ + In Goo ■ 

Applying this transformation to the background in Q2.8|) for the isometry in the x-direction 



(2.14) 



we obtain 

ds 2 = 4b dr 2 + (r 2 - 1) dx 2 - dy 2 - 2 dxdy 



B^v = , $ = const. . 
After we make the shift of the coordinate y — > y — x we see that the metric becomes the 
Minkowski metric in three dimensions, i.e. ds 2 = 4b dr 2 + r 2 dx 2 — dy 2 . If we apply ( |2.13| ) 
for the isometry along the y-direction we get (we also have to shift x — > x + y ) 

ds 2 = 4b dr 2 + dy 2 - \ dx 2 

r (2.15) 

B^y = , $ = lnr 2 + const. . 
Obviously this solution can also be mapped into the background corresponding to the flat 
Minkowski space-time with zero antisymmetric tensor and constant dilaton by performing 
a duality transformation in ( |2 . 1 5| ) along the x-direction. 



(2.16) 



2.2. Vector and chiral gaugings 

Let us now consider the case of the vector gauging. In this case the action is || 

SVector = k [ I{h~ x gh) - I(h~ l h) ] 

h = e" J</> , h = e~ J ^ . 
As in the case of the axial gauging it is convenient to cast (|2.16| ) in the form 

Sector = k [ I(e< p *e u ' J+v ' T ) - I(e u " J ) ] , (2.17) 

but now with definitions 

a\ = (cos</> 5ij — sin</> €ij)dj , u' = u + — , v' = v , u" = <fi — <fi . (2.18) 

Then it is easy to check that the action ( |2.16|) (or equivalently (|2.17|) ) is invariant under 
the vector-like gauge transformations 

5di = €ijdj e , 5u = 5v = , dtp = S<fi = e , e = e(z, z) . (2-19) 

Then 



k f 

^vector = — / d 2 z ( ddidcti + dudv + dvdu + b dudu + eadaiajdu 
2n J v 

+ A (2dv + (2b — aia,i)du — eijdaiCtj) — (2dv + 2bdu + eijdaia,j)A + diCiiAA ) 



(2.20) 



The result of the integration over the gauge fields is (As before we fix the gauge by choosing 
ai = and we denote p = a^- We also perform the shifting v — > v — bu) 

ds 2 = dp 2 — b du 2 H — r dv 2 

P (2.21) 

B^ v = , $ = lnp 2 + const. . 

Perhaps this simple result should have been expected since not only v but also u is inert 
under the vector transformations ( |2.19| ). It represents the dual space-time to the Euclidean 
space-time in 2D in polar coordinates [2£| plus a time-like coordinate. Thus, the coset 
E2/U(l) provides also a exact CFT description for the space ( |2.21| ) as well. In view of the 
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fact that the background in (|2.8|) can be obtained from that for the charged black string 
( p.!2|) by taken a correlated limit, one might expect that (|2.21 ) may be derived from 



the dual of the charged black string ||29|| , namely SL(2, M) /IR ® IR, via a similar limiting 
procedure. One can easily verify that (again the limit corresponds to a 'maginification' of 
the region around the 2D black hole singularity at uv = 1). Notice also that ( |2.21[ ) is dual 
to an analytically continued version of ( |2.15| ). 

Let us consider briefly the case of chiral gauging which, generically, gives rise to a- 
models that are inequivalent with the corresponding models one obtains in the usual cases 
of axial and vector gaugings. Nevertheless, they will also be conformally invariant because 
the action one starts with, before integrating out the gauge fields, can be written as the 
sum of three independent WZW actions, as it was discussed in [SO]. Namely, in the chiral 



gauging case the action has the form [|3T 

Schiral = k [ I(hgh) - 1(h) - 1(h) } 



k f 

— / d 2 z ( ddiddi + dudv + dvdu + b dudu + e^daia^du 

2-7T J 



+ A (eijddidj — 2dv + (a^ — 2b)du) — (e^ddidj + 2dv + 2bdu) A + (2b — a^ai) AA ) . 

(2.22) 

The above action is invariant under the chiral gauge transformations 



5di = —tijdj e, 5u = e + e , 5v = , 8(f) = e , 8(f) = e , e = e(z) , e = e(z) . 

(2.23) 

After integrating over A, A and make the shift v — > v — |u we obtain 

ds 2 = — [(diddi) 2 — 2b ddiddi — 2b tijddidjdu + Adv 2 + b(b — a 2 ) du 2 ) 

R - a2 R _ 2 e n (2.24) 

uv ~ a 2 - 2b ' iv ~ a 2 - 2b ij j 

$ = ln(a 2 - 2b) + const. , 

where a 2 = a^di. Because there is no true gauge invariance in ( |2.22| ) (the parameters of 
the transformation in ( |2.23| ) are holomorphic or antiholomorphic) this is a D = 4 cr-model. 
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However by changing variables as: a\ = rcos9, 0,2 = rsin# and after a few rescalings 
of the variables and the shifting 9 — > 9 + u/2 one discovers that (|2.24 ) reduces to the 
cr-model obtained in the axial gauging plus the action for a free boson corresponding 
to a time-like (space-like) coordinate if b > (b < 0). The spacetime has signature 
(+, +, — sign(6), — sign(6)). This is similar to a relationship between axially gauged and 



chiral gauged WZW models found in |3(| for the case of simple groups and if the subgroup 
is an abelian one. 



3. Operator method 

In general there are a' ~ 1/k corrections to the semiclassical expressions for the cr- 
model fields one obtains by integrating out the gauge fields, as we have done so far, in 
the gauged WZW action.@ One can find the exact expressions for the metric and dilaton 
fields we have obtained in ( |2.8| ), ( |2.21| ) by identifying the underlying exact CFT. As in was 



noted in [15 using the OPE expansions 



P .p „ + v jp ._. V 3 



(3.1) 



z — w (z — w) 2 ' z — w 

J J ~ JT ~ TT ~ 

[z — w) z (z — w) z 

one can show that the stress energy tensor defined as 

T G = i : (PiPi + JT + TJ+(l-b)T 2 ) : (3.2) 

satisfies the Virasoro algebra with central charge c = 4. In fact this corresponds to a 
solution of the Master equation of |l]J |2(J . It also obvious that Th = : J 2 '■ satisfies the 



4 There exist regularization schemes in conformal perturbation theory in which the semiclassi- 
cal results for SL(2, JR)/JR and SL(2, M) ig) 1R/1R solve the /3-function equations to two loop order 
in perturbation theory J32| [ J25| (for a different argument that such a scheme should exist see ) . 
However, this is far from being a general conclusion for all gauged WZW models. Nevertheless, 
the exact expressions, as ones obtains them by making contact with the exact coset CFT, are 
needed in order to correctly describe the Klein-Gordon-type of equations for the string modes 

Ull- 



ii 



Virasoro algebra with central charge c = 1. The difference Tqj h = Tq — Th satisfies the 
same algebra with c = 3. What is also true is that Tq/ h J ~ 0. The regularity of the last 
OPE makes it possible to gauge the corresponding symmetry. 

It is convenient to express the zero modes of the holomophic currents in ( |3.1| ) (and of 
the corresponding anti-holomorphic ones) as first order differential operators. We compute 
the 'left' and 'right' Cartan forms 



g 1 dg = (cos u daj — sinu eijdai) Pj + du J + (dv + -eijdai<ij) T 
dgg~ l = (dcij — e^di du) Pj + du J + (dv e^ddidj du) T . 



(3.3) 



From the above we compute the following matrices defined as g 1 dg = dX M Lm A Pa-, 
-dgg- 1 = dX M R M A T A , where X M = {a u a 2 ,u, v} 



T A 



I cos u — sin u ~~2 \ 
sinu cosu — s ± 





V 








1 
1 / 



Rm A 



( 


-1 










-1 




-o 2 


a i 


{ 









J 2 
3 —9lL 

-1 Ual + a 2 2 ) 



\ 



-1 / 



(3.4) 



and their inverses 



r M 
Li A 



I cosw sinu, — \{p*i cos u — a\ sinu) \ 

— sinu cosw \{&\ cos u + a 2 sinu) 

1 

\ 1 / 



Ra 



M 



f- 1 








a,2 \ 

2 \ 





-1 





ai 
2 


a 2 


-Oi 


-1 





V 








-1 / 








(3.5) 



The first order differential operators defined as J a = Pa M 9m, J a = Ra M 9m satisfy the 
commutation relations ( |1 . 1| ) and commute with each other. Explicitly they are given by 

J Pi = (cosw Sij + sinw €ij)d aj + ^(sinw - cosu e^ajdy , Jj = d u , J T = d v 



J f 



-d n 



1 



^ij Oij 9 V , J j 



-€ij(iid aj — d u , Jt 



-d v . 



(3.6) 



As usual the metric and the dilaton in any WZW model (gauged or not) can be deduced 



by comparing 0|TJ HT = (L + L )T with 



HT 



^OmVG e* G MN d N T 

2 



G e 
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where H is the Hamiltonian of the corresponding CFT, Lq and Lq are the zero modes of 
the holomorphic and antiholomorphic stress energy tensors and T denotes tachyonic states 
of the theory annihilated by the positive modes of the holomorphic and antiholomorphic 
currents. For the case of the D = 4 WZW model the tachyon depends on all af the four 
group parameters, i.e. T = T(a\,a2,u,v). In that case the forementioned comparison 
gives for the inverse metric 

(3.7) 



G 



MN 



( 1 






V 



a-2 
2 
ffli 
2 
1 

'2 2 

02 04 i £i_i_£2_i_i_/,/ 
2 2 4^4^ ' 





1 




which upon inverting it gives the metric corresponding to the a-model ( p..4j) , but with 
b — > b — 1. One might think of the shifting as a quantum correction to the semi classical 



result in ( |1.4| ). However, this it does not really matter since one can absorb b into a 
redefinition of v (however it will be important for the gauged models that we will shortly 
consider). The dilaton turns out to be constant in this expected. For the D = 3 

model case one should choose gauge invariant tachyonic states T because of the gauge 



symmetry ||14|| . For the case of the axial gauging we have the constraint 
{J j - Jj)T = T = T(p 2 



u u, 
CLidi ,v , x = a\ cos - + a 2 sin - 



(3.8) 



Then the result for the inverse metric is (with = {v , x, p}) 

G^ = 



p_ 

4 



-6+1 
l + ± h {x 2 -p 2 ) 

21 



(3.9) 



After we invert it and change variables as x = p cos ^ we obtain the metric and dilaton 

4 dv 2 bp 2 , n 

(3.10) 



ds 2 = dp 2 + 



p2 _ 45 _|_ 4 pi _ 4jj 



1 



$ = - ln((p 2 - 46) (p 2 - 4b + 4)) + const. 
2 



The above expressions become equivalent to the ones in (2.8) for large b. To obtain the 
result of the vector gauging one has to impose the constraint 



{J j + Jj)T = 



T = T(p 2 = didi ,u ,v) . 
13 



(3.11) 



In this case one obtains 

Adv 2 1 

ds 2 = dp 2 + ^ --bdu 2 , $ = -ln(p 2 (p 2 + 4)) + const. . (3.12) 

p 2 + 4 2 

These results become equivalent to the ones in ( |2.21|) after we rescale p — > bp and take 
the large b limit. For all cases, namely the D = 4 WZW and the D = 3 gauged WZW 
models one can verify that indeed the physical condition for closed strings (Lq — Lq)T = 
is obeyed. It can be shown that (|3.10| ) and ( |3.12j ) are related to the exact expressions for 
the metric and dilaton of the 3D charged black string [|3lp and the 2D black hole (times 
a free boson) |13[] through a limiting procedure similar to the one we described in the 
previous section. Therefore their conformal invariance has already been checked against 



perturbation theory in [25] [35] [3C 



4. Concluding remarks and discussion 

We considered various gaugings of a one dimensional subgroup of a WZW model 
based on a four dimensional non-semi-simple group. We explicitly demonstrated that the 
three dimensional cr-models we have obtained can be derived by taking a correlated limit 
of models of gauged WZW based on semi-simple groups. In particular the limit we took 
corresponds to 'magnifying' or blowing up the region around the curvature singularities 
in the latter models. We show that our backgrounds, although they still have curvature 
singularities, can be mapped to flat spacetimes via duality transformations which renders 
these singularities harmless. In contrast the singularities of the original models which were 
based on semi-simple groups were more severe (although still not peculiar from the CFT 
point of view 0GI]]) in the sense that duality transformations cannot remove them, i.e. 
both the charged and the neutral black strings have curvature singularities. 

5 To compute the exact antisymmetric tensor one needs to use an effective action approach. 
Assuming that in our case it can also be obtained as a limit of the corresponding expression in the 
charged black string case one can show that both prescriptions of | |25[ j give for it the semiclassical 
expression of (|2.8|). 
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It will be interesting to construct other WZW and gauged WZW models based on non- 
semi-simple groups. If the conclusions we drew by considering the particular examples of 
this paper are generalizable certain gauged WZW models based on non-semi-simple groups 
describe the geometry of gauged WZW models based on simple or semi-simple groups close 
to the curvature singularities the latter models have. Then by duality transformations 
we might be able to map these space (which still have curvature singularities) to non- 
singular ones. This in turn is very important in order to understand better gravitational 
singularities in the context of String theory. 
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Noted added 

1). While finishing the typing of the paper we received ref.J57|, which contains some 



overlapping materials with the present work. In particular gauging of the same WZW 
model was considered, but with a subgroup generated by P\ instead of J. The resulting 
(T-model is different than ours but of course it also has c = 3. We were also informed about 
some relevant work in [38]. 



2). After this paper was submitted for publication the paper [|39|] appeared where a large 



class of WZW models based on non- semi- simple groups was constructed as a particular 
contraction of the WZW model for G ® H. The model of [lf| corresponds to G = SO (3) 



and H — SO(2). That explains why the action ( |1.6|) can be obtained from ( |1.7|) through a 
limiting procedure. The gauging of the generator J we have been considering corresponds 
to a gauging of the total subgroup current in G (g> H in the models of [^9| . That again gives 



an explanation of the relation between, for instance, (2.8) and ( |2.12|) . The generalization 



of the present work to cover gauged WZW models based on the non-semi-simple models 
of [39] is currently under investigation. Also the paper [40] appeared where an explicit 



expression for the WZW action based on the non-semi-simple group i.e. a central 
extension of the Euclidean group in d-dimensions, was given. 
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